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ABSTRACT

During Phase I of this program (concluded in October of 1976),

economic analyses and experimental work were carried out on the fluidized-bed

zinc reduction of SiC14 and on several modifications of the iodide process

(Si14 decomposition or reduction) which led to the selection of the fluidized-

bed zinc reduction of SiC14 as a promising candidate for supplying low-cost

solar- or semiconductor-grade silicon. Phase II of the program, currently

underway, has as its objective, designing an experimental facility (tentative

25 MT Si/year capacity) and carrying out an experimental program to support

the design effort. Updates of plant and production cost estimates at the

1000 MT/year level are to be made based on the design experience.

During this quarter, the process flow diagram and materials/energy

balances for the experimental facility were refined. Preliminary assessments

were made of the instrumentation requirements. The alternative of marketing

{



the ZnC12 by-product rather than recycling the zinc by electrolysis was

considered and rejected.

A visit was made to the Bureau of Mines Station at Reno, Nevada,

to obtain information on their fused-salt electrolysis of ZnC1 2 . The require-

ments of a 25 MT Si/year experimental facility could be met with three 5000-

ampere cells containing -50 mole percent KC1 in the ZnC1 2, operating at 500 C

with current efficiencies of 95 percent and electrical energy utilization

efficiencies of > 85 percent at current densities of 2 amp/cm2 . The cell

design would be consistent with chlorination of the fine particulate sus-

pended silicon that would be carried into the elec" olytic cell in the

experimental facility.

Design of the system for chlorine disposal ties been greatly simpli-

fied by the finding that it will not be necessary to remove the SiCl 4 from

the chlorine if the hypochlorite product of disposal is used for 1ocai sewage

plant effluent treatment as planned.

Information has been obtained from DuPont on the quality of the

silicon they prepared by the batch-wise zinc reduction of SiC1 4 and supplied

to the semiconductor industry in the 1960's. Useful information was also

obtained on the production process.

On the basis of contacts with four engineering firms and their

proposals, Raphael Katzen Associates of Cincinnati, Ohio, has been chosen to

supply chemical engineering design service for items of conventional design

in the experimental facility, and Pace Engineering, Inc., of Beaumont, Texas,

has been chosen to design the SiC1 4 purification section of the experimental

facility. Design of the unconventional items such as the fluidized-bed reactor

and zinc handling system will be undertaken by Battelle's Columbus Laboratories

personnel with ad hoc assistance where necessary. A chart of design respon-

sibilities has been drawn up and a detailed time table established for

conclusion of the overall design task by November 15, 1977.

Potential designs for an integrated fluidized-bed reactor/zinc

vaporizer/SiC14 preheater unit are being considered and heat-transfer calcula-

tions have been initiated on versions of the zinc vaporizer section.

Estimates of the cost of the silicon prepared in the experimental

facility have been made for projected capacities of 25, 50, 75, and 100 MT/

a

r
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of silicon. A 35 percent saving is obtained in going from the 25 MT/year to

the 50 MT/year level. This analysis, coupled with the recognition that use

of two reactors in the 50 MT/year version allows for continued operation (at

reduced capacity) with one reactor shut down, has resulted in a recommenda-

tion for adoption of an experimental facility capacity of 50 MT/year or

greater. At this stage, the change to a larger size facility would not

increase the design costs appreciably.

In the experimental support program, the effects of seed bed particle

size and depth were studied, and operation of the miniplant with a new zinc

vaporizer was initiated, revealing the need for modification of the latter.

Experimental operation of a cell for the electrolysis of ZnC1 2 by-

product of the miniplant revealed no problems relative to the presence of zinc

and finely divided silicon in the by-product. The cell will be redesigned in

light of information obtained on the Bureau of Mines operation.

It was determined experimentally that the solubility of ZnC1 2 in

SiC14 at room temperature is <0.2 percent, and that water hydrolysis of

SiC14 (g) is effective in removing it from C12(g).

3
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INTRODUCTION

This is the Seventh Quarterly Progress Report covering the work

for JPL-ERDA at Battelle's Columbus Laboratories on the Evaluation of Selected

Chemical Processes for the Production of Low-Cost Silicon.

I
	

The Fifth-Sixth Quarterly Report, dated April 29, 1977, summarized

I

	

	 the work done in Phase I of this program (October, 1975, through September,

1976) in which the zinc reduction of silicon tetrachloride in a fluidized bed

of seed particles was chosen for further study, together with progress through

March 31, 1977, on Phase II of the program, which ha, as its objective the

design of an experimental facility, nominally of 25 MT/year silicon capacity,

to demonstrate the process and to provide a sound engineering basis for further

scale-up. As the background for the ,`base II program is full y summarized in

the Fifth-Sixth Quarterly Report, it will not be repeated here, even briefly.

Rather,, this report will be limited to changes in process concept that have

occurred, and progress that has:been made in furthering the design task and in

the experimental study of process parameters and equipment design. Accordingly,

progress is reported in two sections, Design of the Experimental Facility,

and Experimental Support Program.

DESIGN OF TILE EXPERIMENTAL FACI LITY

Progress in the design of the experimental facility during the report
Ti

period has involved (1) further definition of the process flow sheet and

{	 materials/energy balances, (2) preliminary assessment of the instrumentation
S

't	 required, (3) consideration of alternatives to ZnC1 2 electrolysis for recycle,
f

	

	
(4) procurement of additional information on ZnC1 2 electrolysis, (5) defini-

tion of waste handling procedures ; (6) collection of information on the silicon

produced by zinc reduction of SiC14 at DuPont, (7) identification of primary

(	 design responsibility for each major piece of equipment, (8) generation of a
t	

detailed time schedule with the objective of concluding the design by November
r

¢	 15 1977s	 ,	 , (9) negotiations with engineering companies and with Battelle

4
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engineering groups to provide engineering support, 	 (10) preliminary design

of specialized equipment, and (11) estimates of the operations cost of the
ii

experimental facility versus size.	 These items will be discussed in turn. fMP

Process Flow Diagram -
Materials/Energy Balance

The April 1, 1977, revisions of the process flow diagram and materials/ -.

energy balance were presented as Figure 4 and Table 2, respectively, of the

Fifth/Sixth Quarterly Report.	 Changes have been made since that time related

mainly to the waste product handling (to be discussed in a separate section).

Figure 1 presents the July 5, 1977,'` revision of the process flow diagram which
j

differs from the April 1 1 1977, version in that

(1)	 A separate SiCl4/ZnC12 condenser (F3) has been provided

to handle the product of the wall deposit chlorination},

rather than to strip the ZnC1 2 (if any) in a small unit

(F2) and then use the main process SiC1 4 recycle

condenser (A13) to condense the SiCl4, rerouted to
i

waste disposal

(2)	 Removal of the SiC1 4 from the chlorine produced in '.

the electrolytic cell has been eliminated, as SiC1 4 will s

not be objectionable as an impurity in the contemplated

use of the hypochlorite (to be discussed in a separate 	 n

section)	 -

(3) Additional pumps and valves have been added (distin-

guished as manual and automatic), and flow controls

have been added at certain points

(4) A few corrections have been made in the diagram. 	 ='

Table 1 presents the corresponding Materials and Energy Flow Sheet.

It will be noted that the elimination of SiC14 removal from the chlorine

i	 --

Minor last-minute revisions were made in the figure, thus accounting for 	 1

the revision date beyond the report period.

5	 3
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J

greatly simplifies the process. Although it is believed that the materials

flow aspects of the waste processing section of the plant will be modified

little, if at all, in the future, the energy balance has not yet been made,

owing to uncertainties in the heats of reaction of some of the aqueous

reactions. These calculations will be deferred.

The estimates of equipment size (presented as Table 2 of the Fifth/

Sixth Quarterly Report) have been revised and are included with information
^i

on instrumentation in Figure 2.

Instrumentation

As po-':ited out above, the needs for automatic fluid flow control in

the experimental facility have been identified and the locations denoted on

the process flow diagram, Figure 1. Instrumentation for pressure and tempera-

ture indication and control will be assessed with the design of individual
. a

units. A preliminary draft of a chart (Figure 2) delineating the control

functions required for each unit has been made.

Discussions have been initiated with Beckman Instruments of Los

Angeles, California, with regard to some of the less conventional instrumenta-

tion, such as the level indicator for the high-temperature fluidized bed.

These discussions will be pursued further as the design progresses.

ZnC12 Recycle Alternatives

Because of the complexity of recycling the zinc component* of the

ZcC12 by-product of the fluidized-bed unit, consideration was given to the

alternative of treating the ZnC1 2 as a co-product, disposing of it commercially,

and crediting the return toward the cost of purchasing new zinc.

The possibility of burning ZnC1 2 (9) to pigment-grade ZnO was ruled

out early, as that reaction is very inefficient; indeed, the reverse reaction,

* Recycling the C1 2 in the experimental facility has already been ruled out,
because the technology of SiC14 manufacture is already well in hand and
adding that complexity to the experimental facility was not justifiable.
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I
_	 a _ I

I'

i

e
chlorination of ZnO to ZnC1 2 proceeds readily without requiring a reducing

agent to accept the oxygen.

Although at the 3000 MT/year Si level, the U.S. ZnC12 market,

44,000 MT/year, would be severely perturbed by the addition of the molar

equivalent quantity of ZnC1 2, marketing the 242 MT/year of ZnC1 2 from a

25 MT/year silicon facility would be practical. For the purpose of analyzing

the economic feasibility of such a move, an estimate of the value of the ZnC12

co-product equal to about 35 percent that of the contained zinc in an "across

the fence" operation was obtained from a principal supplier of ZnC1 2 to the

industry.
"

The major incentive in marketing versus recycling the by-product

is the elimination of the high capital cost of the ZnC12 electrolysis and a

large fraction of the associated manpower. 	 It is speculated that elimination

of the zinc recycle would require purification by distillation of all of the

zinc equivalent stoichiometrically to the product silicon. 	 If it is assumed

(1)	 that the capital cost of the distillation is 25 percent that of the
t

electrolysis,	 (2) that the manpower needed for distillation is only 40 percent

of that required for electrolysis, and (3) that the power costs are roughly

the same, the 35 percent salvage value of zinc in ZnC1 2 leads to a silicon

product cost of $9.82 versus the $9.12 originally estimated in the Second

Quarterly Report.	 On that basis, there would be no economic incentive for

discarding the ZnC1 2 electrolysis even if the market cot-1d absorb the by-

product.
z

In the case of the experimental facility where the materials costs

are a smaller fraction of the total, the simplification of the process by

elimination of the electrolytic recycle results in an almost equal product

cost.	 Although this option should be kept in mind, the necessity of using

electrolysis at the 1000 MT/year level makes it advisable to adopt its use

at this time.

'i
ZnC12 Electrolysis

s' With the decision to retain the concept of fused-salt electrolysis

for recycle of the zinc in the experimental facility, it became of interest



to obtain detailed information on the work at the Reno, Nevada, Station of

the U.S. Bureau of Mines. In that work, the electrolysis is part of a process

for recovering zinc from zinc sulfide ore concentrates as an alternative to

the air-polluting roasting process. The initial laboratory work with a 10-

(

	

	 amp cell is described in a paper by F. Haver, et al. (1) , and subsequent work

on a 1500-amp cell is described by D. Shanks, et al. (2) , in a paper which

should be published within a few months. Pending the availability of that

report, a trip was made to the Reno Station to discuss their work. Briefly

summarized, it should be possible to handle the requirements of a 25 MT/year

silicon facility with three 5000-ampere cells operating at 500 C from a

50 mole percent ZnC1 2 /KC1 mixture at a current density of 2 amp/cm2 and

a current efficiency of 95 percent, with an energy consumption of below

5.5 Kwhr/kg Zn, i.e., >85 percent electrical energy efficiency. The cathodes

of each of the three cells would consist of 50-cm x 50-cm (or equivalent)

•

	

	 plates of graphite submerged horizontally in the electrolyte about 1.25 cm

above graphite anodes extending just above the pool of zinc in the bottom

of the cells. The cathodes would be provided with grooves on the underside,

slanted upward from one side to the other, and possibly provided with vent

holes to aid in sweeping chlorine from the cathode surface. Circulation of

the electrolyte within the cell would be provided by the "pumping" action of

the chlorine gas evolution as it sweeps from one side of the cathode face to

the other.

One of the major problems with the Bureau of Mines operation arose

from the fact that their cell is "open", i.e., loosely baffled, and is there-

fore subject to back diffusion of air, leading to the formation of a zinc

oxide "scum" on the electrolyte surface. The fact that we will be dealing

with a closed system avoids that problem.

Waste Processing
t

During the current report period, attention has been given to the

provisions necessary for proper disposal of the chlorine evolved from the

ZnCl 2 electrolysis, and it is believed that a reasonable arrangement has been
F:
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devised. As the details have not as yet been worked out, no names will be

mentioned; howevella the arrangement in principle involves accepting 20 percent

caustic solution from a vendor, chlorinating it to form sodium hypochlorite

Solution until the eausti , level is reduced to 1 percent NaOH and then

returning it to the vendor for use in chlorinating sewage plant effluent

locally.

The 18.7 kg/hour *f chlorine from the electrolytic cell will contain

about 0.4 kg/hour of 8iC14 . This would lead to 0.23 percent Na 2SiO3 in the

hypochlorite (from SiC14 + 6NaOH = Na 2SiO3 + 4NaCl ! 3H2O), which should nol:

be a problem. However, consideration must be given to the amount of zinc as

a "heavy ttl'etml" that is carried into the sewage plant effluent by this route.

The -03"tamination of the hypochlorite with zinc would come by inefficient

removal of zinc in the ZnCl o strippers (153 and B4) above the electrolytic cell

Since in the treatment of sewage plant effluent, 50 ppm of hypochlorite solu-

tion is used, a maximum heavy metal specification of 0.01 ppm in the effluent

would a11ow, for 0.15 mole percent ZnCl 2 in the chlorine, and it should be

possible to hold it below that level, if necessary, by providing a bag filter

in the chlorine stream. Specifications for permissible heavy metals in the

sewage plant effluent are being obtained to determine whether a problem exists

in this area that would require additional attention.

DuPont Silicon

Information has been obtained directly from the DuPont Company on

the characterization of the material they prepared by zinc reduction of SiC14

and supplied to the early semiconductor industry. Information on the resis-

tivity, boron content, and on several questions regarding the process itself

were obtained. Receipt of information on minority carrier lifetime is pending.

This information will be compiled and presented later when it is complete.

Design Strategy

The design tasks involved in Phase II of this program fall under

three categories:

14



(1) Conventional Chemical Engineering, non-specialized

(2) Conventional Chemical Engineering, specialized

(3) Unconventional Chemical Engineering (specialized).

For most efficient progress to the final design, it is planned that the design

of process equipment involving conventional, non-specialized chemical engi-

neering (Category 1) be "farmed out" to a locally based engineering firm,

that the SiCi 4 purification which falls under Category 2 be assigned to a

company with expertise available in the area, and that Battelle retain

responsibility for the design of the unconventional items, Category 3.

Discussions have been held with three engineering firms in the

Columbus-Cincinnati area and each have submitted a proposal for work in

Category 1. On the basis of this information, Raphael Katzen Associates of

Cincinnati, Ohio, has been selected to provide the conventional non-specialized

chemical engineering services.

Pace Engineering, Inc., of Beaumont, Texas, has been selected for

design of the SiC14 purification section of the experimental facility because

of the availability in their area of the expertise required for this specialized

design.

Staff members of Battelle's Columbus Laboratories have had experience

in the design of CVD fluidized-bed reactors and associated equipment, and

would therefore take the major responsibility for the items of unconventional

design, seeking assistance on an ad-hoc basis as needed, for example as in

the design of the electrolytic cell for ZnC1 2 recycle discussed above.

The assignment of responsibility for the design of individual items

and systems is given in Table 2.

Figure 3 is the design schedulethat has been adopted so as to have

a final design of the experimental facility available by November 15, 1977.

Design of Specialized Units

(	 i
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Design activities on the unconventional items during the report

period have been concentrated on the zinc vaporizer and the fluidized-bed

reactor. Several options are being considered in each case, and their
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TABLE 2. IDENTIFICATION OF PRIMARY DESIGN
RESPONSIBILITY BY ITEM (7/5/77)

it I.	 "Off Shelf" Purchases r x

f
Al, A4, C2, D1, D2, D4, E5, 	 E7*

Except as indicated under Group II

' 1.	 All heating and cooling systems ?:
2.	 DC power supply
3.	 All pumps, valves, flow controls, and r

level controls
4.	 Pressure, temperature, quantity, time, a

and alarm instrumentation.

II.	 Raphael Katzen Associates
t

A5 1 A81 A9, A10 1 A11, Al2: A13, B1, B3, B4, D3, E5,	 Efi, F3
t.
F`

Level controls in A3, A6, B2 7
a s

III.	 Battelle's Columbus Laboratories

f	 t - A2Y A3) A6, A7 Y B2

IV.	 Pace Engineering, Inc.
t	 j
m ^ C3

i
V.	 Supplied by Materials Manufacturers {

Cl, F4
s

Underlined items require extensive BCL involvement.

Iji Letter codes refer to major equipment items cited in Figure 1 and Table 1.
j It will be noted that certain items in the letter sequences are "missing",

such as El to E4.	 This is explained by the fact that as the design changes,
a j items in earlier designs are dropped and new items are assigned new code

' numbers, rather than vacated numbers. 	 This is done to avoid confusion of
;., the records.
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advantages and disadvantages noted, with the objective of evolving a design 	
y

with the greatest probability for success. To avoid the problem of piping

zinc vapor over significant distances, the concept of including the zinc

vaporizer, SiC14 preheater, and the fluidized-bed reactor in an integrated 	 j

unit is being studied. The feasibility of such an arrangement is challenged 	 j

by the high boiling point (908 C at 1 atm, 918 C at 1.1 atm) of zinc and its
i

high heat of vaporization (27.5 Kcal/g mole). 	 It is essential that heat (; s

transfer be maximized to avoid the necessity of excessively high temperatures

at the heat source and further aggravation of an already limited situation x

with regard to choice of materials of construction. 	 Heat transfer calcula-
5

'Y
in

tions have been made on two versions of a zinc vaporizer and it is believedi

that a suitable design will emerge.	 The design of this composite system will

be reported when further crystallized. E

i	 1

Operation Cost, Experimental Facility

In response to a JPL request, 	 estimations were made as a function

#	 of capacity, of the cost of the silicon prepared in the course of operating

the experimental facility at Battelle's Columbus Laboratories. 	 The initial
tI

projection of a 25 MT/year level for the experimental facility had been some- '.

}I what arbitrary.	 The additional information was desired so that SPL can makel

logical decisions relative to cost versus projected silicon needs.

In making the calculations, the process flow sheet of Figure 1 was

assumed.	 High-gurity zinc and technical-grade SiC1 4 were assumed to be y

purchased from appropriate sources at January, 1975, prices and no credit was

taken for by-products.	 That is, the hypochlorite formed from the by-product

chlorine was assumed to be traded for the caustic solution used in its disposal.

E.	 4

In general, the estimates were made on the basis of those in the
14k

Second Quarterly Progress Report (April 8, 1976) for a 1000 MT/year facility. ['
I

The production costs for a 25 MT/ ear facility were established first and

then extrapolated to the 50, 75, and 100 MT/year levels. 	 A 10-year amortiza- "
ri

tion of capital cost was assumed, and it should be recognized that amortize- 7

tion over a'shorter time would not only 'raise the cost, but diminish the #

relative cost advantage of increased facility size.

'	
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The personnel assigned to the 25 MT/year facility comprise (1)

four shifts of two technicians and a shift leader each, (2) a plant engineer,

and (3) appropriate support staff. An extra technician (40 hours per week)

and an appropriate support staff factor were added for each increment of

facility size. Capital investment costs were increased by the 0.6 power of

the size using the 25 MT/year cost as the base, e.g., ratio of capital costs =

(C /C ) 0 ' 6 . A maintenance and repair cost of 9 percent of the capital50 25

investment was used. This is a lower percentage than was used in estimatiag

the production costs for the 1000 MT/year facility, but certain items involved

in this item for the 1000 MT/year facility are covered in the labor-related

costs for the experimental facility.

The results of this exercise are given in Table 3.

TABLE 3. ESTIMATED COST OF OPERATION OF
EXPERIMENTAL FACILITY

Items 25 MT/Year
$/kg

5U MT/Year
of Si
75 MT/Year 100 MT/Year

Materials 4.54 4.54 4.54 4.54
Utilities 0.38 0.38 0.38 0.38
Capital-related 9.88 7.49 6.37 5.67
Labor-related 28.86 15.52 11.08 8.86
Others 0.82 0.82 0.82 0.82

TOTAL 44.48 28.75 23.19 20.77

It will be noted that the greatest saving (i.e. j 35 percent) results

in the first increment from 25 to 50 MT/year, primarily as a result of a

-46 percent reuuction in labor-related costs coupled with a 24 percent reduc-

tion in capital-related cost. It is significant that the 50 MT/year facility

would use two fluidized-bed reactors and provide the flexibility of continued

operation with one reactor down, albeit on a limited basis. In the light of

19
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these economic and operational factors, it is recommended that a size larger

than the 25 MT/year level be adopted for the experimental facility, if such

a decision is found to be consistent with other aspects of the program

objectives.

Plans for the Next Report Period

Plans for next quarter relative to the design of the experimental

facility include:

(1) Conclusion of agreements with engineering firm

subcontractors and initiation of design work in

accordance with the schedule of Figure 3

(2) Continuation of design effort by BCL groups on

specialized equipment as indicated in the schedule

of Figure 3

(3) Initiation of safety review of plant design

(4) Implementation of anticipated early decision

on the size of the experimental facility.

EXPERIMENTAL SUPPORT PROGRAM

1

	

	
The experimental support program associated with the design of the

experimental facility comprises two major aspects:

(1) Operation of the miniplant with the 2-inch-

diameter fluidized-bed system

(2) Performance of ad hoc experimeutal work

outside of the miniplant as required for

design information.

During this report period, several runs were made in the miniplant

to determine the effect of bed particle size on the deposition efficiency of

l	 silicon. Additional runs were made to study the operation of a new flash

'i	 vaporizer.

20



Auxilliary experiments were concentrated on the electrolysis of

molten zinc chloride. Brief experiments were carried out to confirm the

insolubility of ZnC1 2 in SiC14 (up to then, and in deriving the process flow

sheet of Figure 1, negligible solubility has been assumed). Additional experi-

ments were carried out to devise a means of recoveriig SiC1 4 from the chlorine

by-product, initially thought to be necessary to yield a hypochlorite solu-

tion for which a use could be found.

Effect of Bed Particle Size

'd At the conclusion of last quarter, experimental work in the mini-

plant had demonstrated the advantages of providing the fluidized-bed reactor

bed support with a central zinc vapor inlet and introducing the SiC1 4 thro-igh

four surrounding inlets.	 Not only was efficiency increased, but the trouble-

- some deposition of silicon on the surface of the reactor contiguous with the

inlets was eliminated.	 Deposition on the wall was restricted to the area

above the bed.	 The use of a graded bed temperature was also shown to be
r ^'

beneficial in taking advantage of the increased thermodynamic conversion with

decreasing temperature. 	 Deposition rates of useful product on the fluidized-

bed particles of up to 344 g/hour were obtained which extrapolates directly

to 3.78 kg/hour in a 6.6-inch-diameter reactor,	 i.e.,	 the production level

required for the projected 25 MT/year facility. 	 It was evident that at

this throughput the capacity of the 2-inch fluidized-bed reactor was being

' reached because excessive "blow-over" * of the bed was noted.	 Hence, experi-

ments were initiated with particles of a larger size than those used before

?i (149 x 279 µm), to decrease the loss of particles from the fluidized bed.

In addition, larger particles are of interest because a typical bed of a

ri continuously operated unit would be expected to contain a particle size

distribution of roughly 200 to 1200 pm in order to obtain the volume increase

in seed and the silicon deposition rates per unit size desired. 	 Not only was

It should be noted that the term "blow-over" refers to an inertial transfer
- of bed material to the exit line due to surges in the bed rather than to

elutriation in the sense that the terminal velocity has been exceeded,

21
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the particle size increased to reduce "blow-over", but a shallower bed was

used in Run No. 68 reported last quarter. Data from Run No. 68 and earlier

runs together with those of subsequent runs made during the current report

period are given in Table 4. As the result of the change to larger particles

and shallower bed, a decrease in bed efficiency'' was recorded and increases

in silicon dust production and wall deposit were noted. Total SiC14-to-Si

conversion efficiency was not changed. Subsequent runs were made in an effort

to distinguish the relative significanc( of particle size (specific surface

area/bed volume) and bed depth. Run No. 69 made with the larger particle size

and with a 96 percent increase in initial bed weight (and depth) gave increased

bed efficiency and decreased wall deposit, but with little effect on the

fraction of product collected as dust. Part of the increased efficiency

resulted from an inadvertent increase in Zn/SiC1 4 ratio from 2.1 to 2.6

(raising the predicted equilibrium conversion efficiency by about 10 percentage

points). Thus, Run No. 72 was made to avoid this complication. Unfortunately,

one of the SiCl4 inlets plugged** with an unidentified (carbonaceous?) residue

not encountered before. Although the results are supportive of the final

conclusion, it was thought best to make another run (No. 78) to obtain data

free of qualification. Comparison of Run No. 78 with Run No. 68 indicates

that the bed efficiency was increased, and r'ie wall deposit (most above the

initial bed level) decreased. However, the fraction of silicon collected as

dust was not affected. Despite the increase in efficiency relative to Run

No. 68, the efficiency levels did not reach those characteristic of the runs

made with smaller particle size, e.g., Run No. 64. It is probable that

increased bed efficiency and overall conversion efficiency would be obtained

by going to even deeper starting beds than those being used (as would be done

in scale-up, or as could be done if a continuous product withdrawal system

were to be installed in the miniplant). However, the formation of silicon

Silicon collected on the bed particles relative to that fed as SiC14.

Distortion of the inlet flow pattern resulted in wall deposit in that
area, normally absent.

F
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dust may well be a function of the specific surface area of the bed particles,

and not subject to improvement with a deeper bed of larger particles. This

factor will be investigated further as there is some (as yet unknown) limit

to the amount of silicon dust that can be handled as a by-product by chl:rina-

tion in the electrolytic cell as now planned; beyond this limit additional

facilities for dust handling would be required.

Zinc Vaporizer

As pointed out in the Fifth/Sixth Quarterly Report, the zinc vaporizer

used in the miniplant was not well suited to scale-up; it consisted of an

induction-heated graphite tray fed with liquid zinc by a positive displacement

metering device. Accordingly, experiments outside of the miniplant with a

packed bed vaporizer were conducted and the results reported. With a 25-mm-

ID graphite tube packed with 3-mm to 6-mm crushed graphite, a vaporization

rate of about 2 kg/hour was obtained in <20 cm active depth at a temperature

of 1056 C, i.e., 148 degrees above the normal boiling point of zinc. Since

the same vaporization rate in the tray-type miniplant vaporizer required a

surface temperature of 1350 and since the packed-bed configuration appeared

to be more subject to scale-up, a packed-bed vaporizer, 25-mm ID x 30.5 cm in

length, was installed in the miniplant below the fluidized-bed support plate.

Three differences exist between the new vaporizer and that tested in the

laboratory:

(1) The 3-mm to 6-mm graphite packing is contained

in a quartz rather than graphite tube

(2) Heating is by radiation through the quartz

envelope rather than by direct induction heating

cF. the graphite tube

(3) The liquid zinc is introduced above the packing

rather than from an orifice immersed in the

packing.
In the first run (No. 79). an adverse procedural judgment was made

which resulted in loss of control. In the second run (No. 80), the inlet

L 	 f'd 1	 c 4 the va orizer whichorifice was plugged on eat-up rom rest us zin n 	 p
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zinc and silicon dust on freezing and remelting would lead to inhomogenieties

in the material charged to the electrolytic cell, and the core sample

analyses may not have been totally representative. The overall recovery

values of 94 and 93 percent of the zinc contained as Zn and as ZnC1 2 in

the original are similarly uncertain.

Owing to the high resistivity of the ZnC1 2 without salt additives,

the overall energy utilization efficiency was low., about 9 to 11 percent,

much more resistive heat being generated than was necessary to maintain the

cell at 500 C. Addition of KC1 or other salts as practiced by the Bureau of

Mines would increase the energy efficiency by decreasing resistivity. An

ideal balance would be obtained at the point that the resistive heat is just

sufficient to offset the heat lost in maintaining the cell.at  500 C.

The electrolytic cell is being redesigned in accordance with Bureau

of Mines practice, and it is expected to be operable by the third week in July.

Removal of SiC14 From C12

Before it was found that the hypochlorite from C1 2 disposal could

be used for local sewage plant effluent chlorination without removing the

SiC14, experiments were run to determine whether the SiC1 4 could be removed

by water scrubbing (hydrolysis of the SiCl4). It was determined that no more

than a gram of water per liter of C1 2 would be needed to effectively remove

the SiC14 without forming a gel of hydrolyzed Si02 of prohibitively low

fluidity.

Solubility of ZnC1 2 in SiCl4

In work with the design thus far, it has been assumed that ZnC12

is insoluble in SiC14 up to the boiling point of the latter. However, it

was recognized that in separating the unreacted C1 2 from the SiC14 obtained

in the silicon wall deposit chlorination, any ZnC1 2 that was formed from

chlorination of residual zinc would be more easily handled if it had some

solubility in liquid SiC14 whereupon it could be transferred in solution to

1

l
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the waste disposal system (D1-D3). Thus a simple solubility experiment was

performed in which 0.29 -. of anhydrous ZnC12 powder was introduced into

1.44.9 g of SiC1 4 at ambient temperature and mixed over a period of several

hours. No significant change in the quantity of ZnC1 2 was noted during this

time. It was concluded that the solubility, if any, of ZnC1 2 in SiC14 at

room temperature is significantly less than 0.2 percent by weight. Despite

the lack of solubility of ZnC1 2 in SiC14 and forfeiture of the option of

condensing it in solution, it is believed that the small amount of ZnCl2

that might be involved in the silicon wall deposit chlorination operation

can be washed down by the condensing SiC1 4 and easily transferred as a

dilute slurry to the waste disposal system.

Work Planned for Next Report Period

i

Plans for experimental support activity next quarter include:

(1) Check out operability of new zinc vaporizer

after providing supplemental SiC1 4 preheating

(2) Procure semiconductor-grade seed material and

make a series of purity evaluation runs to

provide material for Task II as requested by

7PL, and to provide information on impurity

levels

(3) Complete remodelling of the ZnC1 2 electrolysis

cell and operate to optimize design parameters

and to provide information on the chlorination

of by-product silicon dust,

(4) Model proposed design of the fluidized bed

reactor for the experimental,facility

(5) Determine compatability of selected materials

as needed to support design activities

(6) Perform such other experiments as may be indicated

for support of the design work.
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